CYANEX 923 (a mixture of four trialkylphosphine oxides) in kerosene has been used for the extraction of phosphoric acid. Different parameters affecting the extraction of phosphoric acid such as shaking time, temperature, phase ratio O/A, extractant and phosphoric acid concentration were separately investigated. The stoichiometry of the extracted species was found to be H 3 PO 4 .L, where L refers to CYANEX 923. The stripping of the extracted species was found to be efficient with water. The obtained results were used for the recovery of phosphoric acid from both the crude acid and the leached solution from digestion of apatite phosphate rock with hydrochloric acid.
Introduction
Purification of acid is necessary for its use in foodstuffs, in animal feed additives, detergents, food products, toothpaste and fertilizers [1] [2] [3] . Solvent extraction technique has been widely used for purifying wet process phosphoric acid (WPA) . A large number of organic solvents are reported for this purpose and some of them have been used in industrial operations, as alcohols, ethers, ketones and phosphoric esters which are effective extractants for phosphoric acid and have been frequently used [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Furthermore, it was found that co-existing mineral acids enhanced the extraction of phosphoric acid with several solvents. Several physicochemical treatment techniques based on precipitation [15] [16] [17] , adsorption [18] , ion exchange and reverse osmosis were also used [19] [20] . Most of the above mentioned authors studied the extraction of relatively low phosphoric acid concentration, while the present work aims to study the potential use of CYANEX 923 for the extraction of concentrated phosphoric acid. The different parameters affecting the extraction process were investigated and the optimum conditions for extraction and stripping of phosphoric acid were deduced. Based on the obtained results, the extraction of phosphoric acid from crude wet process phosphoric acid and from a leach solution of apatite phosphate rock was carried out and the proposed processes are discussed and evaluated.
Experimental 2.1 Chemicals and Reagents
Most of the chemicals used are of analytical reagent grade (AR) and were used without further purification. Synthetic aqueous solutions were prepared by dissolving appropriate amounts of phosphoric acid (85% H 3 PO 4 ) or hydrochloric acid (min. 35% HCl) in bi-distilled water. The extractant CYANEX 923 is a mixture of four trialkyl-phosphine oxides, namely, dioctyl-hexylphosphine oxide (≈42%), dihexyloctylphosphine oxide (≈32%), trihexylphosphine oxide (≈8%) and trioctylphosphine oxide (≈14%). Its average molecular weight is taken as 348.0 g/mol and was kindly supplied by Cytec, Canada and used as received. Kerosene is a product of Misr Petroleum Ltd., Egypt and was used as diluent. Expanded perlite, which consists mainly of silica and alumina of grain size 0-5 mm, was kindly supplied by the Egyptian company for manufacturing perlite and vermiculite, Alexandria, Egypt. The composition of perlite is given in Table 1 .
The apatite sample was collected from Abu Tartur plateau located in the western desert of Egypt. The chemical analysis of the phosphate rock of size fraction 150 micron through ASTM standard sieves is shown in Table 2 .
Procedures
Preliminary experiments were carried out on pure phosphoric acid whereas the application studies were carried out using crude phosphoric acid obtained from the local market, Egypt, (containing P 2 O 5 = 56.5%, Fe = 3%, F = 0.95% and U(VI) = 112 ppm). Fluoride ions were determined by ion selective electrode, the highly acidic solutions were adjusted to pH 5-6 before adding TISAB, (Total Ionic Strength Adjustment Buffer) [21] while iron and uranium content was determined using ICP-OES after a proper dilution. The crude acid was first purified from suspended matter using a sand filter column (with internal diameter 2.5 cm; length 10 cm) filled with sand of particle size 64 mesh to acquire the green acid. Fluoride ions were removed as sodium fluorosilicate by adding sodium chloride with stoichiometric ratio 200% for 30 min. [17] .
The phosphoric acid present in the aqueous phase was titrated with sodium hydroxide in the presence of bromocresol green as indicators [22] . Prior to the use of sodium hydroxide solution, it was calibrated with dried potassium hydrogen phthalate.
Adsorption experiments
The expanded perlite was used in the adsorption investigations that were carried out in the application experiments. The adsorption isotherm was obtained by varying the initial concentration of iron(III) and uranium(VI) ions in the solution. The amount of Fe(III) and U(VI) adsorbed per unit mass of adsorbent (q e ) was calculated using the following equation,
where C i and C e represent the initial and equilibrium concentrations in mg/L, respectively, V is the volume of the solution in litres (L), and W is the mass of the adsorbent in g.
Liquid-liquid Extraction
Extraction procedures were carried out by shaking equal volumes of the organic solvent and the aqueous solution for 15 min. at 25 °C. The phases were then separated by centrifugation and samples were taken from the aqueous phase for analysis. The experiments were carried out under thermostatic conditions at 25 °C. The acid and metal ion concentration in the organic phase was calculated from the difference of their concentrations in the aqueous phase before and after extraction. The distribution ratio (D) was calculated as the ratio of the concentration of the acid or the metal ion in the organic phase to its concentration in the aqueous phase according to the relation:
The Extraction % is calculated from the relation:
where C o is the original concentration before extraction and C the final concentration after extraction in the aqueous phase, while V aq and V org are the volumes of the aqueous and organic phases, respectively. In the leaching experiments, 25.0 g of the phosphate sample was stirred with 100 mL of 20% HCl at 25 °C at stirring rate 200 rpm for 2 hrs. The samples were removed and filtered to remove the solid suspension. The concentration of P 2 O 5 , U, Fe and F in the leach solutions was determined. The results showed that the extraction equilibrium was reached within 15 min., then the extraction decreased with further increase in the shaking time, Fig. 1 . After the extraction of phosphoric acid reached equilibrium, the water in the aqueous phase causes back extraction of the loaded acid as the shaking time is prolonged, leading to a decrease in the extraction percent. Therefore, the shaking time was fixed at 15 minutes for all the experiments carried out in this work. 
Effect of extractant concentration

Effect of initial phosphoric acid concentration
The effect of initial phosphoric acid concentration on the extraction process in the range from 1.0-11.0 M with 1.18 M CYANEX 923 at O/A = 2/1 and 25 °C was investigated. The results show that the extraction increased with increasing phosphoric acid concentration up to 7.0 M then became nearly constant, this can be referred to the reason that above 7 M H 3 PO 4 , due to saturation of the extractant with the acid that is agree with the results obtained in tri-n-butylphosphate (TBP) system [23] .
Effect of organic/aqueous (O/A) phase ratio
The effect of O/A phase ratio in the range from 1.0 to 5.0 on the extraction efficiency of 7.0 M H 3 PO 4 by 1.18 M CYANEX 923 is shown in Table 3 . The data show that the extraction efficiency decreased as the aqueous phase volume increased due to the increase in the viscosity of the aqueous phase which therefore decreases the coefficient of mass transfer [7] . The ratio O/A which equals 2.0 was found to be suitable for the investigation from the economic point of view. 
And K D
The extraction equilibrium was calculated with respect to CYANEX 923 in the range 0.5-2.0 M and was found to be 0.174±0.012 M -1 .
Adsorption investigations
The crude acid was passed over a sand filter to remove the suspended materials then was stirred with 10 g/L activated carbon to remove the organic matter and some inorganic impurities. A green phosphoric acid containing 56.5% P 2 O 5 , 1.6% Fe, 0.95% F and 112 ppm U. It has to be mentioned that the activated carbon remove the humic substances that oppose the extraction process and minimize the concentration of iron from 3% to 1.6% [23] .
The filtered solution was treated with 5.0 g of sodium chloride per liter of phosphoric acid for 3.0 hrs. at 25 °C to eliminate the fluoride as sodium fluoro silicate, Na 2 SiF 6 [17] , according to the following equation:
SiF Na Na SiF 
Expanded perlite was used in this investigation to study the effect of perlite of relatively high silica content as an economic sorbent for the removal of iron and uranium from phosphoric acid.
The sorption behavior of perlite is due to the silanol groups, Si-OH, which are formed by silicon atoms on the surface of perlite [25] .
Effect of adsorbent dose
The effect of the adsorbent dose on the adsorption of wet process phosphoric acid containing 16×10 3 ppm Fe(III) and 112 ppm U(VI) was studied by using different doses of expanded perlite in the range 10-60 g/L at 25 °C, while keeping the other parameters constant. Fig. 4 shows that the adsorption Fe(III) increased by increasing the adsorbent doses due to the increase of the surface area at higher doses of the adsorbent. The significant increase in the uptake was observed when the dose increased from 10 to 50 g/L, while further addition of the adsorbent beyond this concentration did not cause any significant change in the adsorption which may be due to the formation of clusters of adsorbent particles leading to a decrease in the surface area. These results are parallel with studies carried out with natural zeolite, quartz and white silica sand [26] [27] [28] . The preference of an adsorbent for a metal may be explained on the basis of the electronegativity of the metal ions and ionic radius. Higher adsorption of iron could be related to its higher electronegativity and smaller ionic radius [28] .
At higher phosphoric acid concentration (4.3-6.6 M or higher) in WPA, uranium exists as UO 2 (H 2 PO 4 ) 2 [29] which refers to the interaction between the above species and perlite surface through silanol groups, Si-OH.
Adsorption isotherm
Experiments were conducted to study the effect of varying the initial metal ions concentration on the removal of Fe(III) and U(VI) from wet phosphoric acid by expanded perlite as an adsorbent, when keeping the other parameters constant. The experiments were done using 50 g/L adsorbent with different metal ion concentrations ranging from 2-16 × 10 3 and 10-112 ppm for Fe(III) and U(VI), respectively at 25 °C. Fig. 5 a, b shows that the uptake increased with increasing the initial metals concentration. This can be explained from the point that at high concentrations, the number of metal ions was relatively high compared with the available adsorption sites. The difference in the affinity of Fe(III) and U(VI) towards the removal on expanded perlite may be attributed to the difference in their chemical affinities and ion exchange capacities with respect to the adsorbent. The maximum adsorption for Fe(III) and U(VI) was found to be 20.0 and 0.9 mg/g, respectively. It has to be mentioned that no significant sorption of phosphoric acid on perlite was observed.
Removal
Extraction of phosphoric acid from treated crude acid
The treated phosphoric acid solution was shaken with 1.18 M CYANEX 923 in kerosene at phase ratio O/A = 2 for 15 min. The results show that the extraction percent of P 2 O 5 , Fe, F and U were 82.6, 2.5, Nil and 66%, respectively after 3 extraction stages. CYANEX 923 shows the advantage of high extraction of P 2 O 5 and uranium and very poor extraction towards Fe(III) and fluoride from high acid concentration, which indicates that this extractant is superior over other organophosphorus extractants (phosphonic, phosphinic and thio phosphinic acid extractants) that show a high co-extraction of Fe (III) with P 2 O 5 . The loaded P 2 O 5 was stripped with distilled water; the stripping percent reached 94% after one stage then uranium was efficiently stripped with 2.0 M Na 2 CO 3 solution, where a stripping percent of 90% was obtained after one stage. The analysis of the purified phosphoric acid indicates that it is composed of P 2 O 5 , Fe, F and U of concentration 43.9%, 400 ppm, nil and nil, respectively The extraction of U(VI) by different organic extractants from crude phosphoric acid is given in Table 4 .
Extraction of phosphoric acid from leached apatite ore
As mentioned before in the experimental section, 25.0 g of apatite ore of particle size 150 µm was agitated with 100 mL of 20% HCl for 2 hrs. at mixing speed 400 rpm and room temperature. After filtration, the obtained acid- -species that are readily extracted by organophosphorus extractants and the salting-out effect by chloride ion [35] that show high co-extraction of iron (III) with P 2 O 5 .
A flow diagram for the recovery of phosphoric acid from the crude acid and leached apatite ore is proposed, Fig. 6 . 
Conclusions
• Deflourination of crude phosphoric acid was carried out by adding sodium chloride to remove fluoride as sodium fluorosilicate.
• Perlite was used as an adsorbent for Fe(III) and U(VI) from crude phosphoric acid and the capacity of Fe(III) and U(VI) was found to be 20 and 0.9 mg/g, respectively.
• Phosphoric acid was efficiently extracted by CYANEX 923 in kerosene with little contamination of Fe(III) and U(VI). The process was applied for the recovery of phosphoric acid from the crude acid.
• Apatite ore was leached with 20% HCl solution at L/S ratio of 2.5 for 2 hrs at room temperature, the resulting acidified solution was treated with sodium chloride and perlite to remove the fluoride and uranium.
• Co-extraction of Fe with P 2 O 5 was observed during the extraction with CYANEX923 from apatite leached with HCl, due to the salting-out effect of the chloride ions present in the chloride medium.
• After extraction of uranium and removal of fluoride and organic matter, almost pure phosphoric acid solution which meets the limiting values of the higher grade acid can be obtained after extraction using CYANEX 923 from crude phosphoric acid.
